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Level of evidence: Level IV; Case Series;
Treatment Study
Background: This is the first report on the incidence of proximal humerus osseous changes and asso-
ciated clinical consequences in reverse total shoulder arthroplasty combined with a latissimus dorsi
tendon transfer (RTSAþLDT).
Methods: A multicenter, retrospective review identified all patients who had undergone a primary
RTSAþLDT and had at least 3-month radiographic follow-up between 2012 and 2017. Data collection
included demographics, oral steroid use, repair technique for LDT fixation, radiographic humeral osseous
changes, complications, and need for revision surgery.
Results: Twenty-four patients were included with an average age of 70.7 ± 7.9 years and follow-up of
16.3 (3-50) months. Ten patients (41.7%) developed osseous changes at the transfer location. There was
no increased risk of developing osseous changes based on the surgical fixation technique (P ¼ .421).
Average time to earliest radiographic detection of osseous changes was 2.7 ± 1.7 months, with all
changes occurring at or before 6 months. Two patients developed proximal humerus fractures, of which
1 had osseous changes through which the fracture occurred.
Discussion: RTSAþLDT may place the proximal humeral cortex at greater risk than previously described.
Using a long-stem prosthesis in the setting of RTSAþLDT may limit the consequences of this
complication.
© 2020 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Massive rotator cuff tears (RCTs) are a significant source of
morbidity including weakness, chronic pain, and severe functional
impairment.8 No consensus exists on the precise definition nor
management of massive RCTs.2,7,10,15 Patients with irreparable,
massive posterosuperior RCTs with stage 3 or 4 fatty infiltration of
the infraspinatus and teres minor present with a debilitating
decrease in shoulder strength and function often with combined
loss of active elevation and external rotation (CLEER).3,10,22,23 For
these patients, reverse total shoulder arthroplasty (RTSA) is a viable
option to restore range of motion, particularly active abduction and
forward elevation. However, RTSAmay not restore external rotation
as effectively.4 For select patients, an RTSA combined with a
latissimus dorsi tendon transfer (RTSAþLDT) can help restore ER
functional deficit.1,9e11,13,14,18
Gerber et al9 studied RTSAþLDT in 12 patients with CLEER and
found significant improvements in forward elevation, abduction,
external rotation, strength, and functional scores at an average
follow-up of 18 months. Puskas et al18 looked at 32 shoulders with
CLEER treated with RTSAþLDT and found significant improvements
in functional scores, external rotation, abduction, and forward
elevation at a mean follow-up of 53 months. Hartzler et al11
included 10 patients with combined RTSAþLDT and found signifi-
cant improvements in external rotation, forward elevation, and
functional scores, comparable to their patients who only under-
went RTSA. Thus these patients with CLEER can achieve similar
functional outcomes with an additional LDT as those patients who
had better preoperative range of motion and did not require an LDT.
Most recently, Popescu et al17 looked at 13 patients with CLEER
treated with RTSAþLDT and found significant improvements in
external rotation and forward elevation.
The Office of Human Research at Thomas Jefferson University institutional review
board approved this study (IRB no. 18D.274).
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The cited complication rate for this combined procedure in the
literature is between 17.1% and 26%.13,18 A systematic review per-
formed by Ortmaier et al13 reported a 26% complication rate in the
7 studies that evaluated RTSAþLDT. This included 6% complication
rate that was LDT-specific (ie, nerve palsies, subluxation, and partial
tear) and 10% complication rate that was RTSA-specific (infections,
dislocations, periprosthetic fracture, and 1 aseptic loosening); the
rest were unspecified.13 To our knowledge, no one has reported
specifically on proximal humeral bone changes associated with this
combined procedure and their associated consequences.
The purpose of this study is to report the incidence of osseous
changes and associated clinical consequences (eg, periprosthetic
fracture) in a series of patients who underwent RTSAþLDT for ro-




A multicenter, retrospective review identified all patients who
had undergone a primary RTSAþLDT and had at least 3-month
radiographic follow-up between 2012 and 2017. Exclusion criteria
included patients with less than 3 months of follow-up, revision
cases, use of proximal humeral/femoral allograft, and those
completed in the setting of infection, which may have compro-
mised proximal humeral bone stock.
Study design
A chart review was performed to collect preoperative, intra-
operative and postoperative data. Preoperative data included de-
mographics such as sex, age, comorbidities, and perioperative oral
steroid use. Intraoperative data included implant type and com-
pany, surgeon, repair technique for LDT fixation (ie, bone tunnel or
suture to the pectoralis major), and use of cement. Postoperatively,
patients were radiographically assessed for humeral osseous
changes using standard anteroposterior and axillary radiographs,
any complications, and any need for revision surgery. Each patient
was evaluated for osseous change progression from the time of
surgery to the final follow-up.
Surgical techniquedbone tunnel vs. suture to pectoralis major
stump
The latissimus dorsi and teres major tendons were identified
and removed from the humerus sharply as 1 unit. For the bone
tunnel technique, the tendons were secured with 2 no. 5 nonab-
sorbable sutures (FiberWire) in a Krackow locking fashion. Before
humeral stem implantation, 2 drill holes were made along the
lateral aspect of the humerus just lateral to the pectoralis insertion
and at the same height as the most proximal position of the pec-
toralis. A shuttle suture was used to place the no. 5 suture through
the transosseous tunnels, and the bone along the lateral margin of
the humerus was prepared with light decortication. After humeral
stem insertion, the arm was externally rotated to 35-45 with 25
of elevation and the suture tied over the top of the transosseous
tunnels resulting in an onlay repair of the LDT to the lateral humeral
cortex. For the repair to the pectoralis major technique, the glenoid
and humeral components were implanted in the usual fashion. The
tagged tendons were passed posterior to the humerus. The armwas
then placed in 35-45 of external rotation and 25 of abduction
after which the tendon was repaired side to side to the upper
border of the pectoralis major with a no. 5 nonabsorbable suture
(FiberWire). No bone decortication was performed.
Statistical analysis
A Fisher’s exact test was used to evaluate risk factors for the
development of bone changes (ie, osseous lesions, heterotopic
ossification, fracture, or scapular notching) including gender, sur-
gical fixation technique, cement use, implant company, and steroid
use. A Mann-Whitney U test was carried out to analyze the effect of
age on the development of osseous lesions. To study whether the
development of osseous changes differed between the LDT fixation
technique, a Kaplan-Meier curvewas applied. All statistical analysis
was carried out on Statistical Package for the Social Science (SPSS)
version 26 (IBM Corp., Armonk, NY, USA). Statistical significance
was defined at a P value of <.05 for all output.
Results
Our search yielded 28 patients who had been treated for
RTSAþLDT. Four patients were excluded: 2 were lost to follow-up
(ie, <3 months of radiographic follow-up), 1 for infection, and 1
for use of a proximal humeral allograft. Of the remaining 24 pa-
tients, 18 were male and 6 were female, with an average age of 70.7
± 7.9 years at the time of surgery and an average follow-up of 16.3
(3-50) months. Ten patients were treated with a bone tunnel
technique for latissimus dorsi fixation, whereas 14 were treated
with suturing to the pectoralis major stump (Table I).
Ten of 24 patients developed osteolytic defects (Fig. 1). Of these
10, 7 were found in the group repaired by suturing to the pectoralis
major, and 3 of these were in the bone tunnel group; there was no
increased risk of developing osseous changes based on the surgical
fixation technique (P ¼ .421) (Table I). The average time to earliest
radiographic detection of osseous changes was 2.7 ± 1.7 months,
with all changes occurring at or before 6 months. Kaplan-Meier
analysis is shown in Fig. 2 and was found to be insignificant be-
tween groups (P ¼ .093) at the final follow-up.
Two patients developed proximal humerus fractures, of whom
only 1 had osseous changes through which the fracture occurred.
This patient had complete cortical bone loss at the time of fracture
and was revised to a long stem with cerclage fixation (Fig. 1). Age,
gender, steroid use, implant company, and cement use were not
correlated with the development of osseous changes.
Table I
Data organized by overall and surgical technique for latissimus dorsi transfer (bone
tunnel or sutured to the pectoralis major)









Follow-up (mo), mean (range) 22.8 (7-47) 11.6 (3-50)
Cement, n (%) 3 (30) 3 (21.4) .633
Bone changes, n (%)
None 6 (60) 6 (42.9)
Osseous changes 3 (30) 7 (50) .421
HO 0 (0) 1 (7.1) .239
Scapular notching 2 (20) 0 (0)
Fracture 2 (20) 0 (0)
Fracture through lysis, n (%) 1 (10) 0 (0)
Time to radiographic evidence of
lysis (mo), mean ± SD
5 ± 1.0 1.7 ± 0.4
Revision surgery, n (%) 3 (30) 1 (7.1) .011
Infection, n (%) 0 (0) 1 (7.1)
SD, standard deviation; HO, heterotopic ossification.
P values provided when possible, between surgical techniques.
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Discussion
In this study, we report a new complication of RTSAþLDT not
previously described in the literature. Ten patients in our cohort
developed osseous changes on radiographic follow-up. Earliest
detection of osseous changes on averagewas 2.7 ± 1.7 months, with
all 10 having osseous changes at or before 6 months after surgery
present on standard shoulder films. Thus, the development of bone
changes in these patients should be suspected in the first 6 months
after surgery.
Two patients suffered fractures secondary to falls, one of which
was through the site of osseous changes at the tip of the RTSA
humeral stem, near the site of the LDT insertion. The osseous
changes may have contributed to a stress riser at that level. Pro-
phylactically using a long-stem humeral component to bypass the
area of stress and possible development of osseous changes at that
level due to the tendon transfer may limit the risk of periprosthetic
fracture related to the use of an LDT in the future. In the Puskas et al
study,18 1 patient, treated with RTSAþLDT, suffered a periprosthetic
fracture secondary to a fall. However, in this case, the fracture
occurred distal to the LDT insertion, at the tip of the humeral stem
as well. Further investigation is needed to evaluate stem length as a
risk factor for fracture in patients with osseous changes.
Causes for these bone changes are incompletely understood at
this time. One possibility is that the fixation technique could in-
fluence the development of osseous changes. Although the inci-
dence of osseous changes was greater in the suture to pectoralis
major technique relative to bone tunnels in our case series, this
finding was not significantly different between the 2 LDT fixation
groups (ie, bone tunnel and suture technique to the pectoralis
major). This is likely due to the small sample size; studies with
larger numbers would be required to elucidate the true difference.
Although light decortication was completed in the bone tunnel
technique, this cohort had a smaller rate of development of osseous
Figure 1 (A, B) Spectrum of cortical bone loss through the lateral cortex. (C) Periprosthetic fracture through the site of osteolysis.
Figure 2 Kaplan-Meier (KM) curve showing the development of osseous changes by tendon fixation (bone tunnels or suturing to the pectoralis major stump). The development of
osseous changes between groups was not found to be significantly different.
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changes relative to the suture to pectoralis major tendon technique
that did not employ decortication. Therefore, decortication of the
adjacent bone does not entirely explain this radiographic finding.
For the bone tunnel technique, it is well documented that a hole
in the cortex of bone can significantly weaken and create a local
stress riser that may lead to fracture.5,6,12,21 In the second tech-
nique, the suture to pectoralis major LDT transfer technique, the
tendon transfer may be placed on greater tension in order to repair
it to the pectoralis major tendon origin, thereby limiting internal
rotation and possibly causing a wind-shield wiper or periosteal
compression effect on the proximal humeral lateral cortex leading
to osteolysis. Larger studies and biomechanical evaluation may be
necessary to illuminate the causes of this phenomenon further.
An anatomic study by Reeves et al20 showed that the proximal
humerus trabecular-canal density is nonuniform. The authors used
computed tomography scans of 98 patients to construct a model of
the trabecular canal of the proximal humerus. They found the
greatest average density of bone within the first 15-20 mm beneath
the humeral head resection plane. Thereafter, the density
decreased down the canal.20 In another computed tomography
study, Razfar et al19 showed that different stem lengths lead to
significantly different proximal humerus stresses, where standard
stems lead to a greater reduction in proximal humerus stress due to
load transfer along the stem and to the distal tip. A study by Peduzzi
et al16 looked at the bony adaptations with short uncemented
stems in 183 patients. They found medial cortical narrowing in
72.6% of cases, lateral metaphysis thinning in 9.8% of cases, and
medial metaphysis thinning in 46.4% of cases.16 Although the au-
thors report that these bony changes are limited phenomena that
do not impact functional outcomes at 2 years, in the setting of an
RTSAþLDT, these bony adaptions could play a factor in the
increased risk of osteolysis or possibly fracture, thus contributing to
the findings documented in this study.
Limitations in our study should be taken into account before
more definite conclusions can be drawn. Our small sample size
makes it difficult to assess for significant differences between the
surgical fixation technique as a risk factor, as well as other patient
risk factors, for the development of osseous changes. The retro-
spective nature of our study is another limitation. Being unable to
standardize the surgical technique or type of implant used, con-
founding factors may be at play that influence our results. Finally,
with short-term follow-updmean follow-up of 16.3 (3-50)
monthsdit is challenging to assess the natural history of bone
changes such as their timeframe for occurrence, progression of
osseous changes, and development of severe sequelae such as
periprosthetic fracture in all our patients. However, despite short
follow-up, we found evidence of osteolysis in nearly half of our
patients, with all developing it before 6 months after operation.
Conclusion
Combined RTSAþLDT may place the proximal humeral cortex at
greater risk than previously described. The cause of these bone
changes is incompletely understood at this time but should be
evaluated in the 6-month postoperative period. One patient
advanced to periprosthetic fracture through the area of osteolysis,
highlighting a concern for bone loss near the end of the prosthesis
resulting in a larger stress riser. In the future, one may consider
using a long-stem prosthesis in the setting of RTSAþLDT to limit the
risk of fracture associated with this complication. This is the first
report in the literature to document osseous changes as a potential
complication for RTSAþLDT. Further research is needed to reveal
the risk factors and cause of osteolysis identified in this series of
patients.
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